Ultrastructural changes in Aedes albopictus cells infected with Kunjin virus were characterized from 12 to 72 h post-infection. Early in infection (16 h), there were no prominent ultrastructural changes except for an increase in the number of vacuoles in the cytoplasm. As the infection progressed the rough endoplasmic reticulum appeared to lengthen and whorls of fibres were observed within some vacuoles. Virus particles were observed in small numbers scattered in the cytoplasm between 24 to 30 h after infection. However, by 48 h, large numbers of morphologically mature virus particles were visible, usually in association with the rough endoplasmic reticulum, with the clusters of vesicles or with convoluted smooth membranes. Although no definite evidence of precursor particles or of budding of virions was obtained, the clusters of vesicles and the various membranous structures appeared to play a role in the morphogenesis of this virus. The results are compatible with the hypothesis that maturation of virus particles occurs within all these virus-induced structures.
Infection of cultured invertebrate cells with mosquito-transmitted viruses, for example the flaviviruses (Flaviviridae) and the alphaviruses (Togaviridae), results only in limited cytopathic effects (Ng & Westaway, 1980) . This is in contrast to infection of vertebrate cells where cell destruction is usually complete (Westaway, 1973) .
The sequential appearance of the uttrastructural changes induced during Kunjin virus acute infection of Aedes albopietus (Singh) cells were followed. Kunjin virus-infected A. albopictus cells (m.o.i. 5) were processed for the electron microscopy study at the intervals specified. The cells were fixed with 2.5% glutaraldehyde in cacodylate buffer (Sabatini et al., 1963) . This was followed by post-fixing in 1% osmium tetroxide, dehydration, infiltration and polymerization in Spurr resin. Subsequently sections were cut and stained with saturated aqueous uranyl acetate (Palade, 1952) and lead stain (Reynolds, 1963) before viewing under an electron microscope (Philips T400).
Kunjin virus-infected A. albopictus cell (Singh) are characterized by a proliferation of intracellular membranes, both rough and smooth, by cell fusion, and by high yields of released virus. Because of the continuing high yield of virus, it was hoped that this virus-cell system would reveal the details of flavivirus morphogenesis. This goal was not achieved; however, the study has established that virus assembly apparently occurred in several defined sites, all of which involved new, virus-induced membranous structures. At 16 h after infection there were no prominent ultrastructural changes except for an increase in the number of vacuoles in the cytoplasm (Fig. 1 a) . The rough endoplasmic reticulum (RER) was also observed to lengthen as the infection progressed. These elongated cisternae of the RER were usually empty up to about 30 h post-infection. Some of the vacuoles of these infected cells contained whorls of fibres (Fig. 1 b) . Aggregation of these fibres possibly could have been caused by some virus-induced rearrangement of the cytoskeleton. Between 24 and 30 h, clusters of mature virus particles were seen enclosed within vacuoles in the cytoplasm (Fig. 1 c) . These virus particles may have been in the process of being released by reverse pinocytosis, since Kunjin virus does not cause a lytic infection in A. albopictus cells (Ng & Westaway, 1980) . Small clusters of vesicles were also noted in close proximity to virus particles. 0000-7398 © 1987 SGM By 48 h, the RER became greatly extended and often contained numerous virus particles. The majority of this RER showed a characteristic pattern, appearing to radiate from masses of meshlike smooth membrane (Fig. 2a) . Similar patterns were observed by Filshie & Rehacek (1968) with Murray Valley encephalitis virus infection in A. aegypti (Grace) cells at 9 days postinfection. In the cisternae of RER that contained virus particles, the lumen appeared to have widened to accommodate the particles but no loss of the ribosome-like particles on the bounding membranes occurred. Clusters of vesicles with an average diameter of about 70 nm were always observed merging with or in close vicinity to the mesh-like convoluted smooth membranes and to the elongated RER. Mature virus particles were often observed among these vesicles (Fig. 2a,  b) . On closer examination, a thread-like structure was often observed within each of these vesicles. This feature is clearly illustrated in Fig. 2 (b) at a higher magnification. Again the clusters of vesicles were very closely associated with a tightly packed mesh of smooth membranes. Masses of convoluted mesh-like smooth membranes and the clusters of vesicles have been previously observed in flavivirus-infected vertebrate cells, usually in the vicinity of the nucleus (Calberg-Bacq et al., 1975; Demsey et al., 1974; Murphy et al., 1968; Sriurairatna et al., 1973; Leary & Blair, 1980) . The elongation of the RER could also provide another form of exit for these mature virus particles. These channels have been observed to lead to the periphery of the cells.
As the infection progressed to 72 h, morphologically mature virus particles were frequently observed within the cisternae of the RER and rarely in the vacuoles (Fig. 3) . The swollen appearance of the RER observed at 48 h (see Fig. 2 ) can be clearly seen in Fig. 3 . Usually the virus particles were observed to line up in an orderly fashion within the cisternae of the RER, but in some sectors they were present in large clusters swelling the diameter of the cisterna. Enclosed within some of these RER were numerous uniform spheres similar in size to virus particles (Fig. 3) . These spheres might have been microtubules seen in cross-section but this is unlikely because 'microtubules' were never identified in longitudinal sections. Alternatively, the spheres may represent undefined intermediate structures in morphogenesis (Leary & Blair, 1980) . By this stage of the infection (i.e. 72 h), massive induction of syncytium formation is extensive throughout the infected monolayer.
In none of these virus-induced or other membraneous structures was budding observed, and no nucleocapsids were identifiable. In view of the presence of flavivirus RNA polymerase activity in the perinuclear region (Cardiff et al., 1973; Zebovitz et al., 1974) , probably in smooth membranes (Boulton & Westaway, 1976) , it is tempting to suggest that the convoluted smooth membranes are the site of transcription of flavivirus RNA. The clusters of vesicles (with the thread-like structures) may provide a vehicle for transport of progeny RNA or alternatively a lipid scaffold for insertion of virus envelope protein during maturation. Demsey et aL (1974) postulated that the envelopes are formed de novo for dengue virus. If the ribosome-like particles arranged on the membrane of the endoplasmic reticulum are functional ribosomes, they are conveniently located to function as membrane-bound polyribosomes for translation of virus structural proteins. Evidence that the RER is an important site for the translation of Kunjin virus-specified proteins has been provided by Westaway & Ng (1980) . Thus it appears that the morphogenesis of Kunjin virus is completed entirely in the cytoplasm.
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